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where G;/ a r c  pam-Toe'Gers hdcpendcn l ;  of  x. 1fTe shc l l  

c o n ~ 5 . d ~ ~  threi: sSniS)Iii.'ied cases  of t h e  b r&ing  p r o c e s s e s  : 
1 

A l l  C! s in equa t ion  (1) vanish except  (l)C( : < @ ,  ( 2 )  CY; <=Q , 
)L 

end ( 3 )  k Z 7 - O  r -!- . Hencp the r e l a t i o n  betT..recn t h e  initial ve.lue 

of x ai-, t = 0 .(denotccl, by xo) and the value  at t i z i e  t ai'e 

g iven  by 

11 

0 1  



.. 3 L. 

x2 decrease  ; r i t h  it. . 





a l l  s t a r s  i n  t h e  c,roup hc:ve bccn brciked accordjt ig t o  equation 

(1) for a d c f i n i t c  length o f  t h e ,  and 1~x1; t o  o b t a i n  t h e  

. e  

f i n - i t e  v a l u e s  i2cspcct ivcl .y  a t  x = 0 ancl y = 0 as soon c?s t k i c  
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W e  s h a l l  not.1 s t u d y  cases  ( 2 )  and ( 3 ) .  It follor-rs f r o x  

equa t ion  ( 3 )  that  x in case  ( 2 )  i o  distributee!, j u s t  IilcLc. xo, 

accord;-ng to t,hc FZc.,xwell.inn d i s t r i t u t j  on bc:c:i.v.sc there is 

is a130 cl.iat1~~Ed o n l y  by a sca1.e f a c t o r *  

f a c t o r  i s  left frcc in the present; ca3.cu.lati.on, we cati o7nj.t; 

S i n c e  the s c a l c  

t h i s  s c a l e  fac to i .  cncl w r i t e  clom the d i s t i - i b u t i o n s  of y for 

c a s e  (2) as 

shall- c o n s i d e r  s cve rz l  d i s t r i b u t i o n  func t j -ons  of y uzidei- 

d i f f e r e n t ;  s t a t i s t i c a l  assun?t ions,  t h e  function 6 (y ) is ,I, 



c.cI 

It can then be S S C , ~  t h a t  the d i s t r i b u t i o n  & (y) vagishcs  z l s o  
'L2 



assumes EL f i n i t e  val-ue a t  y -1 0 because r o t a t i o n  of soitle 

EL cons tan t  f o r  al l-  s ta rs .  



nuc lea r  c:vol.ution bu t  the r a t e  o f  angu3.:?1* rno:c,entu:n cltssipa- 

t i o n  is c o n s t a n t  f o r  a l l  s t a r s .  

t h a t  t in t h e  equa t ion  A = exp. (--&{l ) may be regarded as 

This i s  equ iva len t  t o  s a y i n g  
JI 

i s  o p e r a t l v e ,  

s h i p s  thu% we observe  a r e  sti3.1 bc5.ng bratrod right nol-r. 

The bi>akj.ng nicchanism t a k c s  pl-ace 5.n a s h o r t  time interval, 

say of the or*der of  t h e  t h e  sca l e  of the pre-nain-sequence 

g r3av i t s . t i ona l  contraction, but c.“, varies. In this m o d e l , .  t he  

b m k i r g  incclT.anism i n  s t a v s  w e  stu.dy has alrca.cig stonpcc!, This 

Accord inS  t o  this sj.i~ip3.0 nioclcl t h o s e  r o t a 1 , i n g  

( 2 )  

5.s e c l u i v n l c n t  t o  sP&yi.ng ‘that the ages of stars  w e  now s t u d y  



arid v a n i s h e s  CIS cv:hcrc:. 

If w e  now assu~ie  that; x and xo m e  r e l a t e d  by equation ( 3 ) ,  

the ‘ two cases  l e a d  t o  the s ‘me mathmati  c a l  p roblex ,  because 

i n  t h e  first c a s e  ve a r e  t o  f i n d  the d i s t r i b u t i o n  of x when t 

i s  distributed z c c o r d i n g  t o  equat ion (10) ,n.nd xo, t, anci x arc 

cxp. ( -  &,t), a . m ~  j n  the second  cast \:e Ere xo rcilated by x -- 

t o  f i n d  thc di . s tx* i . tmt ion  of x whcn -6 is distl*ri.but;ecl ::ccor.d.i.nt7; 

cxp , (- 2% xO 
t0 CqU:iki.OFI (1.1) and Xo, ec 9 aIld X ZLPC J ? C l n t C C 1  by X ::: 

<.- /---- In b o t h  c a s e s  x is. d i s t z i h u t , o d  a c c o r d i n g  t o  equat ion 

( 5 ) .  N a t h e m a t i c a l l y  t h e  second case  i n c l u d o s  the fi.i.st c,asc, 

s i n c e  C? i n  t he  f i r s t  c a s e  c m  a1v:ays be s e t  (with To = 0), 

equal  t o  1 by s u i t a b l y  chooslag t h e  u n i t  cf t h e .  $‘or this 

reason v e  on ly  have t o  compute. t h e  d i s t r i b u t i o n  function F ( x )  

of x i n  t h e  second casc. I 

0 

I 



- 11 - 

and d e f i n e  the fu.ncti.on I(3J) as f o l l o x s  





- 1.2 .- 

w h i l e  the f u n c t i o n  I ( x )  i n  equat-ion (18) is 
given by equc i ion  (16). It can e a s i l y  be seen t h a t  whztever  

t h e  'valucs  of )i, and /I, , $&(y) vanishes a.1.vays a t  y = 0. 

and 5 with xc -> G:! (con: ;oyucnt ly  4 = 1). l ' h e  VClIUrJ o r  A ,  of 

derio'ies s imply the func t ion  <I,) T (y) as g iven  by equation (8). 
each curve j.9 marked 5.n the  figure. The ca::~: A. = )II = Z 

-' t 
Because y in the  d i r , g r a n i  and y actually obserirec? dif i 'e i -  by a 

scal-e f a c t . c r  ~ h i c h  is n o t  a. p r i c 1 r . i  knovn, it f o l l o x s  f r o n  t h e  



p la t e s  t h a t  werc ~ i s c d  f o r  s tudy  and bccxu:;e of the c r u d e  fiiethod 



. If‘ do = 0 ,  the prcsci i t  statistical- moclcls exppE,ct no stri .~s 

tha t  a r c  a.bsolute!-y free f rox  rot;at;.on, a l thouzh the rotation$!.  

v e l o c i t i c s  may be v e r y  snial2,  In o t h e r  words, tne  bI>aklng 

rnechaiiimi cau not; s t o p  t,hc r o t a t i o n  cornplete1.y. Our own sun 

with ti i - o i x t i o n a l  vcI .oci ty  of 2 ~ m /  s e c  a t  its equator i s  a 
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state of' convective cqui l . ibr ium (Iiayasllj. 1361). Once the  

cncrgy transportcd in t he  cnvc3.ope beconics i ? a d i n t i v e ,  the 

brak i ng mcclxni sn s tops ,  'I' his  
/\ 

L- 
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di f fe i?  fro:n p l a n e t a r y  s y s  t ~ i r ~ s  by their o r b i  t .al  e c c e n t r i c i t 3  c s  

While t h e  fomier  can  have m y  vaI.uo f 7 . m  0 t o  1, the l c z t t c r  

i s  supposcd t o  S h O W  doininant1.y n c z r - c i r c u l a r  o r b i t s .  Tnu.s, 

t h o  unseen companion of the Barnard s t a r  i n f c r r e d  frorn the 

pj~wpcr motion (van. de  Kamp 1963) rliay n o t  be regarded as fomn- 

i n g  n pI.atic’ia.~.y systcm, as has  been e!-qha:;.i.z cd by 

K-urnar (1961;.), becaust? the ecccnt;r-j.ci.ty i s  eclu.a3. t o  0. 6, a 

f a i i2 ly  l w g e  va lue ,  

In the pas t  vhen we d i s c ~ ~ s s c f i  t h e  p0scj.bl.e occurrence o r  

p l a n e t a r y  s y s t e m  i n  S P B C D ,  we trsuaLl.y l i n k e d  i t  tiith t h e  pop- 

u l a t i o n  of bina1.y systerrjs because of the angul-ap raorncnturn cun- 

s i d e r a t i o n  (ICutper 1935). It f ollotred t ha t  p l a n e t a r y  systems 
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main-sequence G s t a ~ s .  I n t e r c s t l n g l y ,  t h e  a n g u l a r  momentux 

of OUT own plc7netar:; system f a l l s  not t o o  f a r  array f r o m  the 

maxrimiu7! p o i n t  of i j /cr~). Of cour se ,  i n  lool<ing a t  this agi-ee- 

ment we m u s t  bea r  i n  mind tvro f a c t o r s :  F i r s t ,  the  original . 

pr~e-stcl .1 .ar  rnecliw-n. Secondly,  a p a r t  of clissipatcd a . n g u 3 . ~ ~  

HovJever, none of these considci-atTons vI11 chx?ge t he  orclcr. 

of rmgnftude of OUY e s t i m t  e.  
A 

I n  o r d e r  t o  g i v e  a s imple  d e s c r i p t i o n  of a planetary 

s y s t m i  we may introciuce a conccpt  o f  the " e c l u i v d . c ~ t  p3.anc.t" 
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of  pl.anct,aiy system of any s p e c t r a l  type  of  the  niain-sequence 



c 

(lcj60) in c o n n e c t i o n  with :!is t heo ry  Oil  t he  o r i g i n  of  t h e  

 sola^ nebulc ,  because  M C  a r e  concerned klei-ae on3.y t r L t h  the 

consequence of bral:Ing b u t  n o t  with the rnari:-izx’ o f  b ~ & j . r ~ ~ .  

It i s  niy ples.sur+e t o  thank llr. I*JiIr:iot I:. H O S S ,  C h i e f ’  of  
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